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Abstract

General physical properties and radiation durabilities of some domestic woods
and imported lauans were measured and discussed as a preliminary study on the
preparation of W.P.C.

The data obtained indicate that 1) the hardness of wood is generally propor-
tional to the specific gravity and to the bending strength, 2) the hardness of
wood measured in tangential direction to the annual ring increases along with
the distance from the center of the annual ring to the peel, 3) the changes of
specific gravity under 100 Mrad gamma irradiation are not remarkable, 4) the
hardnesses of the soft woods are decreased more readily than those of the hard
woods, but the decreases of hardnesses are not extreme upto 10 Mrad sugges—
ting that the woods are sufficiently durable to gamma irradiation of below 10
Mard in the preparation of W.P.C.
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by radiation induced polymerizations. It is
known that the properties of W.P.C.,

The preliminary investigation on the general especially the dimensional stability, hardness,
properties and radiation durabilities is impor- acid-resistancy and alkali-resistancy ete. arc
tant especially in the preparation of W.P.C. improved remarkably comparing those of the
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1. Introduction
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original woods’™". For exact comparison of
the degree of improvement in properties the
fundamental data concerning the physical
properties of the domestic woods are essential.
It is also reported that 3717> the pure cellulose is
degraded to some extents even by 1 Mrad of
gamma irradiation giving rise CO. and CO
from the cellulose but keeps their total cryst-
allinity unchanged. Woods are not pure cellul-
ose, and contain lignin and resin. Since such
lignin and resin have aromatic structure, they
can absorb and disperse the radiation energy
to the whole molecule or they can retard the
formation and action of free radicals. Conse-
quently, they make the woods much durable to
radiation comparing the pure cellulose® 1% 197,
The partial degradation of cellulose by radia-
tion will result primarily the decrease of
specific gravity and hardness. In this paper
the authors describes the changes of specific
gravity and hardness of 7- rradiated domestic
woods and imported lauans, and discussed

their radiation durabilities.

2. Experimental

(1) Materials and Instruments
(a) Wood Samples
Wood stocks of some domestic woods and
imported lauans were procured from commer-
cial sourses(Table 1). The middle portion of
the stocks were cut in tangential direction to
the annual ring(Fig. 1), and divided them
further. The center of the annual ring is

center of the wood stocks.
The physical, propertics of woods vary not
only with species but algso with portions.
Therefore, many samples wereiused for each
wood species so as to minimize the experimen-
tal error.

- ANNUAL RING

Fig. 1 Sampling from the wood stocks

(b) Radiation source and Tester
Experiments were performed using ¢Co
irradiation facility of K.A.E.R.I.
The universal testing machine of Instron
Model TML was used in the measurements,

gamma

(2) Measurements of Characteristics
(a) Measurements of Water Contents
and Water Absorptivity
The wood samples made in the way
described in (1), (a) were again cut to 10cm
in length, parallel to the stem, and to lemXx1
vertical to the stem. The

samples were precisely weighed and dried to

cm  inseciion,

constant weight. The weight decreases were
expressed as water contents (%). The dried
wood

samples used in the measurements

generally not coincides with the geometrical of water contents were immersed into 30°C
Table 1. Wood samples
Wood species OriginChome) Capﬁrgfx.) Wood species OriginChome) (apﬁffx )
Pinus densiflora ’ gﬁgf{;i Prov., ’ 15 Fruxinus Rhynchophila llgz;)eg;Won Prov., 10
Pinus rigida ” 18 Red lauan Malaysia 20
Pinus Koraiensis ” 12 White lauan - ” 20
Salix Koreansis # 10 Yellow lauan " 18
Juniperus Chinensis Vi 10 Apitong V] "9
Castanea Crenata 1 14 -
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water in thermostat to measure the weight
increase with time.
were expressed as the water absorptivity (%)
(Table 2).

(b) Measurements of Specific Gravity

The weight increases

The specific gravities were directly calcula-
ted from the volume and weight of the wood
samples described in (2), (a) (Table 3).

(¢) Measurements of Hardness
According to the method described in the
ASTM standard?®, the hardness was

measured for the wood samples described in
(2), (a) by using universal testing machine,
and expressed in B.H.N.(Brinell hardness
number) (Table 4).

The measuring conditionswere as following;

Applied Load, L=40kg

Diameter of the ball, D=7.925mm

cross head speed;0.05 cm/min

(d) Measurements of Bending Strength?®
The wood samples made in (1), (a) were

cut to 18 cm in length. The bending strength
in the normal direction to the annual ring
were measured by using testing machine
(Table 5). The ball used in the measurements
of hardness was detached from the machine
and another accessary shown in Fig. 3 was
attached to. In the measurement, the constant
weight of 40kg was not applied but gradually
increased the load until the wood sample is
broken. The applied load and the depressed
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Fig. 8. Sample mounting in the
measurements of bending strength
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distance at the
read,

instant of breakage were
and they were transformed to the
Young’s | modulus
equation;

applying the following

Young’s Modulus (M)=—4I;V—al:b— (dyne/cm?)
(for rectangular bar)
where, W; load
1; distance(cm) between the suppor-
ting rods (Fig. 3)
a,b; dimension(cm) in the vertical and
horizontal direction
s; flexure(cm)

(e) Measurements of Hardness Changes
along the Distance from the Center of
the Annual Ring to the Peel

The hardness changes along the distance
from the center of the annual ring to the peel
were measured in both nomal and tangential
direction to the annual ring. The measuring
conditions were the same as that of the
meagurements of hardness in normal direc-
tion to the annual ring, described in (2), (c)
Fig. 4-1, 4-2),

(f) Measurements of Resin Contents

The resin in the wood samples was extracted
by n-hexane in Soxhlet extractor. The weight
of the resin was precisely weighed after
evaporation of the solvent, and the resin con-
tents were expressed in weight % (Table 6).

(38) The Changes of Physical Properties
of Woods by gamma Irradiation

(a) Measurements of Dose Rates

According to the method reported by H.
Glady Swope??? the chemical dosimetry was
performed utilizing the oxidation of ferrous
jon in ferrous sulfate solution.

(b) Changes of Specific Gravity

The changes of specific gravity were mea-
sured for the wood samples described in (2),
(a). The dose rate was fixed to 2.54X10°
rad/hr. (Fig. 5).

(c¢) Changes of Hardness
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Table 2. Water contents and water absorptivity of various wood in weight percent

Duration of Soaking in 30°C Water(hrs. )
07 |15] 1w [ 2 |48 | 72 |10 188 262 | 432

poplus deltoides ‘ 10.8 26.3 32.5 75.5 86.7 112.8 131. 2; 172.7) 183.9) 197.5| 218.9
pinus rigida i 12.3 20.1) 23.3 40.2 45.7 56.7, 64.9

Woods Water Contents

91.0; 97.9( 105.6| 121.9
pinus densiflora 12.3 23.3] 26.2 41.1) 45.8 54.4) 66. 7‘ 87.3 92.0f 98.3 109.1
red lauan 10.7 9.1) 11.2] 31.0) 36.9] 48.0} 55.9 77.5 84.2] 94.0 109.5
white lauan 11.2 11.7) 13.3) 32.5] 38.0 48.4] 56.2) 76.8 82.5 91.7 105.4
yellow lauan 11.4 8.1 10.2| 29.8 34.4/ 43.4) 51.4/ 69.9 76.7 84.8 100.4
apitong 11.2 5.1 6.8 22.1) 25.8 32.0] 37. 0) 47.9| 50.7| 55.2 61.3
Table 3. Specific gravity of woods
inus pinus poplus yellow white .
Woods degsiﬂora rigida deltoides lanan lavan I red lauan | apitong
sp. gr. } 0.55 , 0.42 ! 0.39 ’ 0.54 0.43 l 0.65 0.74
Table 4. The hardness of woods
Wood pinus pinus poplus yellow white red lauan apitong
oods densiflora rigida deltoides lauan ilauan p
?gfﬁfl‘fﬁfs ] 2.56 ! 1.20 J 1.10 1.80 ’ 1.70 l 2.50 2.60

* measured in normal direction to the annual ring,

Table 5. The Bending strength of woods*
pinus pinus poplus yellow white .

Wood densiflora rigida l deltoides lauan lauan red lauan apitong
Weight of load(kg) 30.0 17.0 18.7 34.0 25.0 44.0 45.0
Young’s modulus 7 7

(dyne/cm?® 3.1%107 2.2X107 2.5%10° 5.6X107 3.6X10 8X10 1x108
¥ measured in normal direction to the annual rings
Table 6. Resin contents in woods
pinus poplus Salix Juniperus Caétanea pin;; o
Woods densiflora deltoides lauans Koreansis | Chinensis Crenata koraiensis
Resin Contents | L
in Weight % 0.95 l 0.35 ’ 0.75 1 2.10 l 2.10 ] 0.5 | 151
The changes of hardness is normal direction
to the annual ring were measured. The 3. Results and Discussion
irradiation conditions were the same as that (1) Characteristics of Various Woods
described in (2), (b). The changes were ex- As Table 2 shows, the water contents of

pressed in % based upon the B.H.N. of non woods dried for long time at room temperature
irradiated samples. (Fig. 6). is 10-12% regardless the species. However,
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the rate and amounts of water absorption is
quite different from wood to wood. Poplus
deltoides absorbs water remarkably showing
2times of its weight. Other woods such as
pinus densiflora, pinus rigida and lauans
absorb moderate amounts of water showing
100% of its weight.

amounts of water showing only 50% of its

Apitong absorbs less

weight. It was confirmed that the rate of
water absorptivity is proportional to the
maximum absorption amount of water.

As Table 3 shows, the specific gravity is
related not only to the density of wood
cellulose but also to the components of resin
in wood.

The values are larger for apitong, red lauan
and pinus densiflora than those  for [ pinus
rigida andpoplus deltodes.

As Table 4 shows, the hardness of woods
in normal direction is generally high for the
woods of high specific’gravity such as apitong
and red lauan. The order of hardness is
apitong >red lauan>yellow lauan>white la-
uan>pinus  densiflora>pinus rigida>>poplus
deltoides. Poplus deltoides has the lowest
values of both specific gravity and hardness.
In the measurements of hardness in normal
direction, as we see in Fig. 1 and in the
description of (1), (a), only the central part
of the wood sample can precisely be measured
in normal direction to the annual ring. If the
hardness is measured in this way for the
outer part(peel part) of the wood sample it
becomes no more the hardness in normal
direction but that of tangential direction.
It may be said that the hardness is propo-

rtional to the specific gravity even though

there are some exceptions(Fig. 2). Therefore,
sp. gr. may be a criterion in the selection
of soft or hard wood.

Apitong has high value of bending strength,
45kg. The order of bending strength is
apitong >red lauan>yellow lauan >pinus den-
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Fig. 2. Hardness v.s. specific gravity of woods
1. Fraxinus rhynchophilla,
2. Cornus Controverssa
3. Pinus densiflora, 4. Juniperus Chinensis,
5.”Pinus rigida, 6. Poplus deltoides
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Fig. 4. Varation of Hardness from the center
of annual rings
4~—1; hardness in normal direction to the annual
rings
4~—2; hardness in tangential direction to the
annual rings
/\; apitong, O; red lauan, (; yellow lauan,
X ; white lauan

éifl'bi'a> white lauan™ poplus deltoides. Thes
order is roughly consistent with that of
hardness, considering that the inaccuracy in
the measurements of hardness in normal
direction. Fig. 4-1 and 4-2 show the changes
of hardness along with the distance from the
center of the annual ring to the peel. As the
Figures show, it is general trend that the
changes of hardness are extreme in the central
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and outer parts of the wood stocks, but not
much in the middle part. The hardness of the
middle part is getting larger with going out
to the peel part. It is certain that the heart
is generally not hard but there are
The lower hardness

wood
some hard points. in
outer part may be attributable mainly to the
partial deterioration of wood cellulose during
storage. The lower resin contents and softness
of the wood celluslose in the outer part of the
wood may also be other causes.

It is noteworthy that the hardness is changed
significantly with the direction of measur-
ement even the wood species is the same,
Generally, the hardness values measured in
the normal direction to the annual ring are
significantly larger than those measured in
tangential direction. However, the reproduci-
bilities of the data are better in tangential
direction. Thus, to get experimental data,
the measurement in tangential direction is
recommendable.

As Table 6

contains a lot of resin. Plenty of resin is also

shows, Juniperus Chinensis

contained in Salix Koreansis and Pinus
Castanea

and pinus densiflora etc.

Koraiensis etc. Poplus deltoides,

Crenata, lauans,
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contain less resin.

The Salix Koreansis contains much resin but
the hardness is low. Such a phenomenon may
due to the softness of the contained resin.
Therefore, the woods of high resin contents
are not always the woods of high specific
gravity, or hard woods.

(2) Changes of Physical Properties of Woods
by gamma Irradiation(Radiation Durabilities)

The studies on the changes of physical or
mechanical properties of woods were carried
out in some foreign countries using Beech,
pine®’, and oak™ etc., all woods produced in
their own countries. Such a study performed
for the usualy available woods in this country
is hardly found. It was reported that the
cellulose is readily degraded its main chain
by radiation®'”, and further degraded to
evolve hydrogen, carbon monoxide and carbon
dioxide etc!V 13 117 Thus it is expected that
the specific gravity may be varied by radia-
tion. However, as Fig. 5 shows, the specific
gravity is not decreased. There is rather a
tendency of slight increase under the irradia-
tion of 108 Mrad with the dose rate of
2.54X10° rad/hr. We consider the reasons as
following; 1) wood is not pure cellulosc and
contains lignin and resin of aromatic struc-
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The effect of gamma irradiation on specific gravity of woods
Fraxius rhynchophilla, 2. Cornus Controversa, 3. Pinus densiflora,
Juniperus Chinensis, 5. Pinus rigida, 6. Poplus deltoides
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HARDNESS CHANGES (%}

H + { 4. )l‘ i e 1 . o J
10 30 50 70 S0 1o
TOTAL DOSE (Mrad)
(DOSE RATE 2.54 X 10°rad/br)

Fig. 6. The effcbt of gamma irradiation on
the hardness of woods
O: pinus densiflora, X; pinus rigida,
©; poplus deltoides, &; Juniperus Chinensis,
{3; Fraxinus rhynchophilla

tures. The lignin and resin in wood can
certainly protect the radiation degradation of
homocellulose to some degree, and consequenly
no degradation occured under such a dose!®?.
2) the dried wood samples absorbed some
moisture of the air during irradiation, 3) the
free radical formed by gamma irradiation, 3)
the free radical formed by gamma irradiation
reacted with oxygen in the air forming
peroxide etc.

Considering the fact that the corresponding
degradion was occured to result hardness
decrease, the possible explanation by 1) is
not reasonable and should be excluded. Siau

et al*®> reported that the irradiated woods

On the other
hand, Arthur ef @/*®> reported that when the

have hygroscopic character.

cotton cellulose is irradiated the change of
hygroscopic character is not much, and the gas
evolution rate is smaller than the oxygen
decreasing rate due to oxidation reaction.
Therefore, the explanation by 2) and 3) may
be reasonable, but which one of the two is
more significant is still under study.

The data obtained in the measurements of

hardness change by gamma irradiation (Fig.

7. Korean Nuclear Society, Vol. 5, No. 2, june . 1973

6) show that the hardness is
decreased with irradiation, which is consistent

generally
with the fact previously reported. Among
them, the hardness decrease in soft woods
such as pinus rigida and poplus deltoides is
especially extreme. Pinus rigida was so easily
ruptured in 84 Mrad irradiation that the
hardness can hardly be measured. It was
reported that woods are ruptured by 200 Mrad
of gamma irradiation?”. This is much higher
value than our data. Generally, the degree
of radiation rupture was severe for soft woods

or woods of lower resin contents. In this point

" of view, it may be said that pinus rigida

and poplus deltoides are not suitable as raw
materials for the preparation of W.P.C. But,
practically, in the preparation of W.P.C. the
dose required is not go much, and usualy 10
Mrad is sufficient. Further, the
irradiated with the impregnated monomer
which can play a role of abeorbent of radiation

wood is

energy. Therefore, it is certain that even
soft woods are sufficiently useable under such
circumstances for preparation of W.P.C.

4. Conclusions

(1) The hardness of wood is generally
proportional to the specific gravity and to the
bending strength,

(2) The hardness of wood measured in
tangential direction to the annual ring
increases along with the distance from the
center of the annual ring to the peel.

(3) The changes of specific gravity under
100Mrad of gamma irradiation are not
remarkable.

(4) The hardnesses of soft woods are
decreased more rapidly than those of the hard
woods, but the decreases of hardnesses are
not extreme upto 10Mrad suggesting that the
woods are sufficiently durable to gamma
irradiation of below 10Mrad in the prepaation

of W.P.C.
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